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Abstract 

We study two steps of moduli stabilization in type IIB flux compactification with 
gaugino condensations. We consider the condition that one can integrate out heavy 
moduli first with light moduli remaining. We give appendix, where detail study is 
carried out for potential minima of the model with a six dimensional compact space 
with hi^i = /i2.i = 1, including the model, whose respective moduli with /ii,i,/i2,i 7^ 1 
are identified. 
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1 Introduction 



Moduli stabilization in superstring theory is one of important issues to study. Indeed, 
several scenarios have been proposed so far. Flux compactifications are studied intensively 
in these years, because several moduli can be stabilized through flux compactification. 
For example, the dilaton S and complex structure moduli U"' can be stabilized within 
the framework of type IIB string theory pp, while Kahler moduli T remain not stabilized. 
Recently, in Ref. P| a new scenario was proposed to lead to a de Sitter (or Minkowski) 
vacuum, where all of moduli are stabilized in type IIB string models, and it is the so- 
called KKLT scenario. The KKLT scenario consists of three steps. At the first step, 
it is assumed that the dilaton and complex structure moduli are stabilized through flux 
compactification. At the second step, we introduce non-perturbative superpotential terms, 
which depend on the Kahler moduli. That leads to a supersymmetric anti de Sitter (AdS) 
vacuum. At the third step, the AdS vacuum is uplifted by introducing anti D3 branes, 
which break supersymmetry (SUSY) explicitly. 

Phenomenological aspects like soft SUSY breaking terms have been studied |.3^. The 
KKLT scenario predicts the unique pattern of SUSY breaking terms and they have sig- 
nificant phenomenological implications 

On the other hand, the flux compactification has been studied in explicit models 
[71 IHl IH] • Moreover, the three steps of moduli stabilization has been studied, in particular 
the first two steps. It has been shown that such two or three steps of moduli stabilization 
may be inconsistent in some models showing instability of assumed vacua ^] • 

Furthermore, in Ref. ^21 niodels with S-T mixing non-perturbative superpotential 
terms have been discussed with the assumption that 5" is already stabilized through flux 
compactification. Such models lead to interesting phenomenological and cosmological 
aspects. For example, these models have a rich structure of soft SUSY breaking terms 
compared with the original KKLT scenario. Also, a certain class of these models have 
moduli potential forms different from the original KKLT, and may avoid the overshooting 
problem and destabilization due to finite temperature effects jUj, from which the 
original KKLT potential suffers. At any rate, in this new scenario it is the crucial point 
that the one of moduli, say S, in non-perturbative superpotential is already stabilized 
through the flux compactification. 

Thus, it is important to study the validity of the two-step moduli stabilization, in 
particular the KKLT type models with moduli-mixing non-perturbative superpotential. 
That is our purpose of this paper. Here we concentrate to IIB string models, but our 
discussions on validity of integrating out heavy moduli can be easily extended into generic 
string theory. 

This paper is organized as follows. In section two, we give a brief review on the KKLT 
scenario and its generalization with moduli-mixing superpotential. In section three, we 
study validity of two-steps moduli stabilization. Section four is devoted to conclusion 
and discussion. In appendix validity of our procedure is studied by examining potential 
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minima explicitly and carefully. 



2 Review on KKLT scenario 

Here we give a brief review on the KKLT scenario for moduli stabilization through the 
flux compactification. In the KKLT scenario, three types of moduli, the dilaton S, Kahler 
moduli and complex structure moduli f/" are stabilized through two steps. For simplicity, 
we consider the string model with a single Kahler modulus field T, although it is straight- 
forward to extend our discussions to models with more than one Kahler moduli. We use 
the unit such that Mpi = 1, where Mpi is the 4D reduced Planck mass. 

At the first step, we consider a non-trivial background with non-vanishing flux, which 
generates a superpotential of S and in type IIB string theory [T3] . 

W^//.x(5,f/°)= / G3AQ, (1) 

J Me 

where G3 = F^^ — 27!'iSH^^ and Q is the holomorphic 3-form. Note that T does not 
appear in the fiux-induced superpotential in type IIB string theory. The Kahler potential 
is written as 

K = -\n{S + S) -3\n{T + T) -ln{-i [ nAU). (2) 

JAIfi 

The scalar potential in generic supergravity model is written as 

V = (^DaWDbWK'''^ -3\W\'^y (3) 

where DaW = {daK)W + daW. Thus, the above superpotential and the Kahler potential 
lead to the following scalar potential. 




because of the no-scale form of the Kahler potential of T. We obtain the same result, e.g. 
in models with three moduli fields T\ By this potential, the moduli fields, S and f/", 
except the Kahler modulus T can be stabilized at the point, DsW = DjjaW = 0. 

Next, in the second step, the modulus T is stabihzed. That is, in Ref. [21, a non- 
perturbative effect is assumed to induce the following superpotential, 

W = wo- Ce"'^^, (5) 

where wq = {Wfiux{S, U°')) DsW=DucW=o- Such term can be generated by gaugino conden- 
sation on D7-brane. Then, the modulus T can be stabilized at DtW = 0. It corresponds 
to 

aRe{T) ^ ln(C/«;o), (6) 



2 



when aReT ^1. Its mass is estimated as 



rriT ~ clwq. (7) 

The above vacuum has the negative energy, i.e., V = —3e^\W\^ < unless = at 
the above point. To reahze a de Sitter (or Minkowski) vacuum, we need another step. To 
achieve it, the uphfting potential, 

is added in the KKLT scenario. This uplifting potential slightly shifts the minimum. This 
uplifting potential is an explicit SUSY breaking term, and the constant D is fine-tuned 
such as + Vl ~ 0. That is, the size of D is estimated as D = C(|woP), and the SUSY 
breaking scale is wq. 

In Ref. ^21; the above scenario has been extended into models with non-perturbative 
superpotential, where S and T are mixing, 

Wnp = J2Cme~^''"''^''-^\ (9) 
m 

These superpotential terms can be generated by e.g. gaugino condensations, where cor- 
responding gauge kinetic functions are written as linear combinations of S and T. Such 
type of moduli-mixing appears in several types of string models, e.g. weakly coupled 
heterotic string models heterotic M models J7j, type IIA intersecting D-brane mod- 
els and type IIB magnetized D-brane models JH]- Here, the exponent constants am and 
bjn can be negative, but they must satisfy the condition bm{ReS) + am{ReT) > 0. We 
assume that S is already stabilized through the first step of the flux compactification, and 
that it is frozen in the above superpotential. That is, the dynamical mode in the above 
superpotential is only T. Its mass is estimated in a way similar to the original KKLT 
scenario. This type of models lead to interesting aspects from the viewpoint of particle 
phenomenology and cosmology [T^ . 



3 Integrating out heavy moduli 

Here, we study mainly on the first two steps of moduli stabilization. As above, in the 
KKLT scenario, stabilization of T and the other moduli is considered separately. That 
is, in the first step S and f/° are stabilized (integrated out), and in the second step T is 
stabilized. Such potential analysis is valid physically if the moduli fields S and f/" are 
much heavier than T with the superpotential^, 

^This point is confirmed in Appendix by examining potential minima explicitly and carefully. 
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Hence, let us evaluate masses of moduli fields. The masses squared of moduli are obtained 
by the second derivatives of the scalar potential, 



(10) 



where each entry is obtained at DaW = as 

V^i\d,w=o = {mo)l-^ + (mi)^^ + (ma)^-^, (11) 
Vab\D^w=o = (mi)^b + {m2)lb, (12) 



with 



{mo)li = e'^K'^W^aWu, (13) 



'ab 

K)a5 = e''WK'^^WaciKM-Kj,K^) + h.c., (14) 

{m^t, = e^\W\'[K^\K,a-KaK,){Ki^-K-,K^)-3K,i], (15) 

{m,)l = -e^WWat, (16) 

K)L = -e^'lWl^Kat-KaK,). (17) 

We assume that SjTjU" = C(l), and also and its derivatives are of 0{1). The 
above second derivatives of scalar potential include two types of mass scales. One is the 
superpotential mass, Wab, and the other is supergravity effect, which is represented by 
the gravitino mass 1113/2 = e^/'^\W\. For example, in Vab\DaW=o we have 

("^o)^, = 0{\Wab?), (mi)2^ = 0{\Wab\m3/2), (m^)^^ = 0{ml^). (18) 

Note that the third term (^2)^5 appears somehow universally for all of moduli fields. 
That implies that if 

\Wab\ > 1^3/2!, (19) 

the moduli fields corresponding to large superpotential masses can be integrated out first. 
Furthermore, all of moduli masses satisfy the above condition and the determinant of 
mass matrix is non- vanishing, all of masses squared are positive and the SUSY point, 
DaW = 0, is stable.2 

Now, let us apply the above discussion to the flux compactification. In general, the 
superpotential Wfiux{S,U°') induces mass terms of S and and those mass scales are 
naturally of 0{Mpi). On the other hand, the mass scale of T is of 0(07713/2) in the above 
model. Thus, the procedure that first we integrate out S and f/" with T remaining, is 
valid when 

iW^abl > am3/2, (20) 

for a.b = S. f/°. 



2 See also Ref. 
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Here we give two illustrating examples. The first example is the model without com- 
plex structure moduli. In this model, we obtain 

Wfiux = A + SB, (21) 

where A and B are constants. This superpotential does not include the mass term, i.e. 
{Wfiux)ss = 0. Thus, the dilaton mass is naturally of the gravitino mass, i.e. ms = 
0(7713/2). That is, the dilaton is not heavier than the modulus T, and it is not valid 
to integrate out S first by using DsWfiux = 0. Indeed, it has been shown that it is 
inconsistent to first integrate out 5* in Ref. [TIH ITT]. 

The second example is the orientifold model with a single complex structure ?7 [S] . In 
this model, we obtain 

Wfiux = Ao + AiU + A2S + A3SU, (22) 

where Ai (i = 0, 1, 2, 3 ) are constants. This superpotential includes a mass term between 
S and U, and its natural scale is of 0{Mpi). Thus, it is valid to integrate out S and U first 
with T remaining if ttit ~ a^^^3/2 "C Mpi. Note that this mass term has mixing between 
S and U . That implies that it is not valid to integrate out only U by use of DuWfiux = 0, 
with S remaining. Therefore, we have to integrate out S and U at the same time. If the 
condition ~ (17713/2 <^ Mpi is not satisfied and T is heavy, we can not integrate out 
first S and U. Instead of that, we have to study moduli stabilization for S, U and T at 
the same time, and the natural order of 7713/2 is of Mpi.^ 

Now, let us consider the condition that we can integrate out S and f/, i.e., rriT ~ 
a7?73/2 -C Mpi. The natural order of wq = {Wfiux{S, U")) DsW=DucW=o ^ 7773/2 is of 0(1) in 
the unit Mpi = 1. However, the above condition implies that Wq = {Wfiux{S, U"")) £)gW=Duc,w=o ~ 
7773/2 -C C(l). One way to realize such condition is to fine-tune flux such that Wq = 
{Wfiux{S, U")) DsW=DuaW=o is finite, but suppressed compared with Mpi. 

Another way is to consider the flux compactification satisfying 

Wflux = {Wflux)a = 0, (23) 

for a = S,U. On top of that, we add non-perturbative term, e.g. 

Ce-'^, (24) 

which can be induced e.g. by gaugino condensation. The above condition may be 
rather easily realized compared with the condition wo = {Wfiux{S,U"'))DsW=Dijo,w=o ~ 
7773/2 -C 0{1) and Wq 7^ 0. We give such an example from Ref. 0, which has the following 
superpotential; 

Wflux = -4(7f/^ + 1) + 2S{U^ - 3tU^ -3U + 2i). (25) 

■^In this case, the SUSY breaking scale is Mpi, even after upHfting to reahze de Sitter (or Minkowski) 
vacuum. That is not good from the phenomenological purpose to reahze the low-energy SUSY. 
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The SUSY minimum DaWjiux = corresponds to 

U = -ito, S = -i2uj, (26) 



where u = e^'^*/^. Indeed, this minimum leads to Eq. 

Here we consider the condition leading to Eq. (j^Hj) for S and U. We write the flux- 
induced superpotential 

W^/^n. = /^^(f/) + 5r^(f/), (27) 

where f^^{U) and /^"^(f/) are polynomial functions of U. We write values of S and U 
at the minimum as 5*0 and Uq. The above conditions requires 

/««(f/o) = /^^(f/o) = 0. (28) 

Thus, we can write 

fRR{u) = {u- UoT^^F'^iu), f'iu) = {u- UoT^'F'iu), (29) 

with positive integers urr and n^s, where f^^''^^{Uo) ^ 0. Furthermore, the above 
condition Wij = at [/q requires 

URRiJJ - U^r^^-^P\V^) + n^RS^{U - U^r^'-^~f''{JJ^) = 0. (30) 

Obviously, we are interested in the case with 5*0 7^ 0. Thus, there are three cases: 1) the 
case with riRR = n^s = 1) 2) the case with njui = 11^3 = 2 and 3) the case where both 
npiR and uns are larger than two, i.e., urr, uns > 3. In the first case, the above condition 
reduces 

f^^Uo) + SoF'iUo) = 0, (31) 

that is, 5*0 is determined as 

So = (32) 

Furthermore, since the real part of Sq gives the gauge coupling, the obtained value of 5*0 
must satisfy Re{So) > 0. 

On the other hand, in the second case with nRR.rij^s = 2, the value 5*0 is not deter- 
mined. Actually, we have 

{Wfi^,)su = 0, (33) 

at Uq, although we have {Wfiux)uu 7^ at Uq. That implies that through this type of flux 
compactiflcation only the U moduli is stabilized, but the dilaton S is not stabilized. In 
the third case with urr, tins > 3, both the moduli S and U are not stabilized by the flux. 

Since in the flrst case, S has already a larger mass of 0{Mpi), the minimum does 
not shift signiflcantly by adding Ce~'^^ as well as terms like Eq. and the added term 
leads to a small gravitino mass = {C e~^^) ^ which is needed to stabilize T at the 
second stage. This possibilities has been pointed out in Ref. 
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Concerned about stabilizing T at the second step, there is a way not to add the 
superpotential Ce~^^ to Wfiux, but we change T-dependent superpotential Wnp. We 
consider not a single term e~°"^, but more terms like 

Cie-'^i^ - Cse-'^^^, (34) 

that is, the racetrack model. In this case, the mass of T is obtained 

rriT ^ aia2 — . (35) 

and it can be smaller than Mpi. 

In the second case with n^^, n^s = 2, after the first step of the flux compactification, 
two moduli S and T remain light. Stabilization of such moduli has been discussed by 
non-perturbative superpotential, e.g. moduli- mixing racetrack model [20], which leads to 
a SUSY breaking vacuum with negative vacuum energy before uplifting. 

Here we have studied the model with a single U. The above discussion can be extended 
to models with more than one moduli fields U". 



4 Conclusion and discussion 

We have studied two steps of moduli stabilization through flux compactification and non- 
perturbative superpotential. We need mass hierarchy between superpotential masses Wat 
and the gravitino mass such that the two-step procedure is valid. Such situation would 
be realized by fine-tuning flux such as Wab 3> {Wfiux), although the natural scale of 
the gravitino mass through the flux superpotential would be of 0{Mpi). If we do not 
consider such fine-tuning, it would be interesting to use the flux leading to {Wfiux) = 0. 
With this flux, both of U and S are stabilized, or only U is stabilized. Thus, after flux 
compactification, only T modulus remains light, or two moduli T and S remain light. 
Remaining moduli can be stabilized at the second step. 
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A Perturbation of fluxed no-scale minimum by gaug- 
ino condensations 



In this appendix, we estimate the shift of the potential minimum from the no-scale one 
caused by the gaugino condensations, and show that the general argument that 
"when S and U have heavy masses through flux compactification, we can integrate out 
them at the first step with only T remaining," holds in a concrete and typical situation. 
We assume an effective theory described by 4D = 1 supergravity parameterized by the 
following Kahler and superpotential'^: 

K = -ns\n{S + S) -htHT + f) -nuHU + U), (36) 
W = f{S,U)+g{S,T), 

where the superpotential terms f{S,U) = Wjiux and g{S,T) = Wnp may originate from 
the flux and gaugino condensations with moduli-mixed gauge couplings, respectively, given 
by 



A.l No-scale minimum 

First we analyze a SUSY minimum without gaugino condensations, i.e. W = f{S,U). 
In this case, some combinations of flux may allow the global SUSY minimum realized 
by conditions fs = fu = f = 0, which resuh in S = -fu^{U)/ fff^U) and f^^{U) = 
f^^{U) = where /^^'^^ = duf^^'^'^. Note that the global SUSY condition Wa = W = 
satisfies the SUSY stationary condition DaW = Wa + KaW = in the supergravity. 
We denote S and U satisfying these conditions by 5*0 and Uq, i.e., 

{U) = Uo such that /^^(f/o) = f'^'^iUo) = 0, 

{S) = So = -f^\Uo)/f^'{Uo). (37) 

Note that Kahler modulus T remains as a fiat direction in the case with nj- = ^ for which 
the scalar potential is in the no-scale form (j^, and we assume = 3 in the following 
arguments. 

The moduli masses '^^g, '^ah — '^sS '^^^ evaluated by computing the second derivatives 
of the scalar potential, 

™2 _ ^-1/2 ^-1/2^ _ 
T^ab = Ka-a K^-^ Vab. 



Generalization to the case with more than one Kahler and complex structure modulus might be 
straightforward. 
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In the case with W = f{S,U), we find 



ab 



ab 



S=So,U=Uo 



S=So,U=Uo 



db: 



0. 



(38) 



The moduh fields 5" and U typically receive heavy masses if fab 7^ {a — S,U), because 
the parameters in the fiux superpotential f{S, U) are expected to be naturally of 0{1) in 
the unit Mpi — 1. 



A. 2 Including gaugino condensations 

Next we consider the case with W — f{S, U) + g{S, T) and study the perturbation of 
the previous SUSY vacuum caused by gaugino condensations described by additional 
superpotential terms in g{S,T). For such purpose, we analyze the shift of the vacuum 



T = 


To + 6T, 


S = 


So + SS, 


U = 


Uo + SU, 



(39) 

around the vacuum satisfying Dsf — Djjf — and DtQ — defined by 

/lo = Mo = fu\o = 0, (40) 
^lo = -9t/Kt\q ^ 0, 

where |g stands for |t=To s=So !^=!^o' "^^^ ^^^^ derivatives of G = iiT + ln|iy|^ can be 
expanded as 

Ga = Ga\o + S<P''Gab\o + 0{S^), 

where the indices A, B,C, . . . run all the holomorphic and anti-holomorphic fields as 

A,B,C,... = {S, T, U, S, f, U) and 50^ denotes the deviation of the vacuum value 
5(j)^ = 6S, 6T, 6U, 6S, 6T, 6U with the corresponding index. 

At the linear order of 50^, the solution of the SUSY stationary condition Ga = is 
given by 

where GabG^^ = 5f. If we assume that all the parameters in f{S, U) and g{S,T) are 
of order one quantities except for a,„ ~ 6^ ^ 1, we may naturally obtain 

Ka\o, Kab\o, ■■■ ~ 0{1), 

fabloi fabc\oi fabcdloi ■■■ ^(-^); 
fl'lo ^ 9ab\o < 9abc\o, ■■■ < 1> 
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if nonvanishing, by which we can expect the hierarchical structure 



Guulo, Gsulo, ^ GssIq, Gst\o, Gtt\q, 



^ Gablo ~ -^afclo' ^ Gtu\o 



0, 



(42) 



where Gab = Kab + Wab/W - iWa/W)(Wb/W). From this, we can approximate Gab by 
the block-diagonal form, 



Gab\ 



Gab\o 

G 



ab\0 



and the same for its inverse G . This means that Eq. becomes a holomorphic 
equation, 50" = 



where 



G^'^GbL + 0{6^), and with the exphcit form of G^^ we find 



ST) 




ss 


= gx 


\m) 




Gt\o 


= Qt\o = 


Gs\o 


= Gs\o = 


Gu\o 


= Gu\o = 



I 1 ( fuu (J 

Gtt fsu \ fSL 



Gr 



( fy^G^ - Gr 



fsu \ fs 



~'r~Gs 

tsu ^ 



{gs/g + Ks)\, ~ 0{K 



Oil] 



\ 
I 



0{g'), 



0(am), 



(43) 



(44) 



and ^ = + ln|^|2. Therefore we find 6^"/% ~ 0{g) < 1 with = {T,S,U) for 
$Q = ~ 0(1), and this linearized analysis is enough to study the combined effect of 
the fluxes and the gaugino condensations. 



A. 3 Moduli mass 

Here we estimate the moduli masses and mixing at the vacuum (j39p determined by 
Eq. ()43|). Up to the second order of 50* we can expand the moduli masses as^ 



m 



AB 



1/2 l/2y 
^AA ^BB ^AB 



z'aIVabIo + H"" Z^^IVabcIo + Z^^VabcdIo + 0{S'), 



kC 7(1) ■ 



kCXAD yiO) ■ 



'''The coefficient Kj^^^^ K^^^^ in originates from the normalization of kinetic terms. Note that 

here we are assuming the Kahler potential without moduli mixing 
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where 



7(2) 



K 



AA,CD 



BB-^BB,CD 



AS 2 
3 

~7,{K^j^Kaa,cKaa,d + K]^b^bb,cKbb,d] 



~iK2\K-lKAA,cKBB,D + K^\K-IKaa,dKbb,c)}5(I)^5(I)'' 



7W 

'AB 

7(0) 
'AB 



7(0) 

'AB 



-(K2\Kaa,c + K^IKbb,cW 



c 



(45) 
(46) 



^-1/2^-1/2 

^AA ^BB ■ 



All the derivatives of scalar potential Va, Vab, ■ ■ ■ can be written in terms oi G = K + 
In and its derivatives, Ga, Gab, ■ ■ ■■ At the point ()40|) . these can be written as 

G|g = Ga\q = Ga\o, Gab = QAB\o + g ^IabIq, 

where Q = i^+ln l^fp. By calculating Vab, Vabc, Vabcd and taking Eq. (ji^ into account, 
we find the leading contributions to each component in moduli mass matrices squared as 







\9 


2 




\ 5^^TU 9 


\9 


2 


^ss ^uu Jsu. 


fuu K-l{K-l\fsu\' + K-}^\fuu\') 





/ (yUTT + ^/^Tt) \9? 


(flTS + SjJTs) \9? 






{Hts + ^IJ'TS) \9? 


(/i5S + SiJ,ss) \9\^ 








\ 5^^Tu \9? 










where the row and column correspond to a, 6 = (T, S, U). 
The coefficients (iab represent the contributions from Q, 

fiAB = K-TKbT^-^^ab, V = e^iG'^'GaQi-'i), 
and given by, e.g.. 



K-'^{K-^\gTT\' + K-l\gsT?) - 2 + K-'^\g, 



551 



1^ ) 

''m/i 



{KTf^ss)~^^Qs\^QTT ^ QsQtts) — Qtt ~ C'(a^), 

and similarly /x^^g, [igs, I^ts ~ C'(a^). On the other hand, the terms with coefficients 
djjiAB come from the remaining contributions {g-f mixed terms in Vab, Vabc, Vabcd), 
and are given by, e.g., 

6^lTu = {K^fKuor^'^K-lGsTf-su ~ 0{al), 



■''m)i 



11 



and similarly ^/^ti/, S/iss, ^Mu, Sfiuu < 0{af^). 

First, from the 2x2 sub-matrix in Eq. (^Tj), m^j with a,b = {S,U), we find that 
the moduli S and U generically receive 0{Mpi) of heavy masses. Second, since C(a^) of 
contributions in fixT and 6fiTT cancel each other, fiTT + S^tt = —Qtt ~ C'(a^) while 
IXrpf + Siij-f ~ (9(a^), we find m^^ m^j, and the imaginary direction, ImT is not 
destabilized. 

So far, to estimate /xtt, /^tt ai^d their deviations, we have considered the case with 
g{S, T), where two or more are non- vanishing. When only a single is non- vanishing 
and g{S,T) includes other S'-dependent terms as well as constant term, the above esti- 
mation would change because of e.g. Qtt = 0{am)- However, the imaginary direction, 
ImT is stable still. 



The third point is that, the T-U mixing m 



TU 



0{a^\g\) can affect the lightest 



eigenvalue of m r that is 0{a'^\g\ ). If we normalize m r and define the 3x3 matrix' 



M ^ e-^KssKuu\L 



su\ 



-2 2 



/ Z\g\' Yg \ 

1 X 
\ Yg X 1 + |X|2 / 



where 



X 
Y 
Z 



{Ks-s/Kuof'\fuulfsu). 



SU) 



{Kuu/KTfr'iGsT/L 
KssKuu\fsu\''{K-UK-^\GTTf + ^,cilfoT|') - 2} 



the eigenvalue equation for Ai is given by 
- + (2 + + Z\g\^)X^ - (1 + {Z{2 + \X\^) - \Y\^}\g\^)X + {Z - \Y\^)\g\ 



0, 



where A is the eigenvalue of For the lightest eigenvalue A ~ this equation is 

approximated as 



-X + (Z-\Yng\' + 0{\g\') - 
and we find the mass squared of the lightest mode T as 

^2 - e^iKssK^u)-'\fsu\'X = e^(K-||^: 



0, 



m 



rr 



TT] 



2)|^7| 



This is actually the same as the mass squared calculated from the generalized Kahler 
potential 



G{T) = K{So,r,Uo) + ln\g{So,r)f 



(49) 



^Here we assume fsu Oi and omit mH,^, m'irp ~ \g\'^ which does not affect the foilowing order 



estimation when fsu 0- 
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at the SUSY point GriT) = 0, which supports the fact that the low energy effective 
theory of the hght mode T is described by G{T). In addition, large eigenvalues of M. are 
obtained as 

A = ^ (2 + |X|2 ± \X\^/IT\xf) + 0(1^1^). (50) 

These coincide with masses squared, which are obtained from (jHHj) and are positive. 

We finally comment that all the analyses and results in this appendix would be applied 
to the perturbation of (fine-tuned) AdS minimum 

f\, = -fs/Ks\, = -fu/Ku\o ^ wo Oig\o), 
= "^o + ^lo = -9t/Kt\o, 

instead of the no-scale minimum pUj) . This will be done by replacing qIq — > Wq + g\o 
everywhere, g(So, T) —>■ wo + g{So, T) in Eq. (jl^ and forgetting Eq. (jHj), at least as long 
as the following condition holds 

/a|o = -Ka\QWo ~ O{g\o) < gb\Q ~ O{amgo), 

for a = {S,U) and b = {S,T). However, as shown in Sec. El a (fine-tuned) nonvanishing 
value of Wo ~ O{g\o) is not necessary in order to stabilize T through G(T). To do that, we 
can assume, e.g., the existence of in g{S, T) which generates a constant superpotential 
term Ce~^^° ~ O{g\o) naturally and effectively in G{T). 
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